Proteoglycans, the molecules of extracellular matrix, carry a highly negative charge due to their glycosaminoglycan (GAG) chains and large volumes. They were considered to play a secondary role in activities like cell division, adhesion, blood coagulation, etc. until the importance of their sugar chains in the ®broblast growth factor (FGF) signalling was discovered (Science 252 (1991(Science 252 ( ) 1705 Cell 64 (1991) 841). Studies of mutations in the genes sugarless(sgl) and sulfateless (s¯) have proved that the proteoglycans involved in Wg signalling contain heparan sulfate GAG chains (Development 124 (1997(Development 124 ( ) 2623 Development 124 (1997) 3055; Development 124 (1997) 3565; Development 126 (1999) 3715). This has led to the attribution of speci®c functions to these molecules (J. Cell Biol. 148 (2000) 227). The Glypican family of heparan sulfate proteoglycans (HSPGs) is characterized by core proteins with conserved cysteine residues and attachment to the cell surface by a glycosylphosphatidyl inositol (GPI) anchor. This may lead to endocytic pathways that are different from other HSPGs, higher lateral mobility and possible apical localisation in a cell (Proc. Natl. Acad. Sci, USA 85 (1988) 9557). Variations in their HS contents may effect binding properties and localisation (J. Cell Biol. 124 (1994) 149; J. Cell Biol. 132 (1996) 487), thus specialising each member for a unique biological function. Glypicans play important roles in morphogenetic pathways, e.g. human glypican 3 (GPC3) is mutated in Simpson-Golabi-Behmel syndrome making an individual prone to tumours (Nat. Genet. 12 (1996) 241). Dally, the ®rst Drosophila member of the family, is essential for the wingless and decapentaplegic signalling pathways (Development 121 (1995) 3687; Development 124 (1997) 4113). Here, we report a new Drosophila glypican, dally-like protein (dlp) with all the features of a glypican. Based on expression studies we report its colocalisation with Wg. q
Results and discussion
A Drosophila EST clone (CK00242) that showed limited homology to glypicans was used to design PCR primers to generate a probe to screen an embryonic cDNA library. 5 H cDNAs were ampli®ed from a cDNA library template made using the Marathon kit (Clonetech). A complete cDNA sequence was compiled from overlapping clones and was con®rmed with the full-length cDNA clone LD47466. The sequence analysis con®rmed its position in this family (Fig. 1a, b) . At the N terminus, there was a hydrophobic stretch of amino acids indicative of a potential signal sequence. A second, shorter hydrophobic stretch was found at the C terminus. Such a stretch is typically observed in GPI anchored proteins and is necessary for their attachment to the anchor in endoplasmic reticulum. Closer to the C terminus there was a cluster of seven serine-glycine dipeptides surrounded by acidic residues, a structural feature found in potential GAG attachment sites. All of the 14 cysteines were conserved. The homology searches suggest that this gene is closest in sequence to GPC4 (Watanabe et al., 1995) . However, the evolutionary tree made using programme PROTDIST/NEIGHBOR (Felsenstein, 1989) revealed another lineage closer to Dally (Fig. 1c) . This may be because the Drosophila genes contain stretches of unique sequences (Fig. 1a,b) . The gene was mapped to chromosomal location 70E.
The members of the glypican family show diverse tissuespeci®c as well as developmental stage-speci®c expression patterns. A Northern blot analysis was performed using suitable cDNAs as probes on extracts from different developmental stages of Drosophila. It showed a 4-kb transcript, which remained constant during the embryonic stages but was undetectable during third instar larva (Fig. 2) . The mRNA was detectable again at the pupal stage and continued in the adult, but the intensity of the band was lower than in the earlier stages.
In situ hybridisation analysis was performed to determine The expression of dlp appeared quite early during development ( Fig. 3) . At stage 5, there was weak ubiquitous expression in the blastoderm (Fig. 3a) , which concentrated into two strong anterior and two weak posterior bands at stage 6 ( Fig. 3b , arrows). At stage 3, the two anterior bands remained strong (Fig. 3c ) in the area which later formed the procephalic neurogenic region (pNR). This is the region that gives rise to some of the brain neuroblasts. At stage 10, a regular pattern of 15 stripes emerged (Fig. 3d) . There was strong staining at pNR and the anteriormost region of clypeolabrum. The anterio-ventral region of future gnathal buds also showed strong expression. The expression pattern at this stage looked very similar to that of wg. Apart from this pattern, staining was also seen in the lining of the midgut, the hindgut and faint staining in the CNS (Fig. 3e,f) . To see if dlp and wg expression patterns colocalize, a double staining experiment was performed. Due to low resolution caused by the wg antibody, we used an engrailed (en) antibody instead. In a wild type embryo, the one-cell wide wg stripe lies immediately anterior to the two-cells wide en stripe (Fig. 4b) . The dlp stripes were also seen to lie immediately anterior to the en stripes, but the stripes were wider than a single cell (Fig. 4a) . We conclude that dlp does overlap with the wg expressing cell, but to a great extent, also with the wg target cells (Fig. 4b) . On the other hand, dally expression has been shown to overlap with en expression (Tsuda et al., 1999) and thus, may not overlap with dlp (Fig. 4b) .
wg is expressed in the midgut in the region where the middle constriction forms, while the expression of dlp in The GPI anchorage site is represented as shaded grey areas at the C termini. There are regions in the Drosophila glypicans that are not conserved in others and these are denoted with triangles. (c) Evolutionary tree using the PROTDIST/NEIGHBOR programme (Felsenstein, 1989) . 1 RNA. To estimate equimolar loading, the blot was rehybridized with a ribosomal S19 probe (Baumgartner et al., 1993) . the gut seems to be complementary to wg in the gut (Fig.  3e,f) . The function of wg in the gut is not very clear. It is known that at least three of the midgut constrictions depend on the expression of homeotic genes in the overlaying visceral mesoderm (Tremml and Bienz, 1989) . Signals are passed from these to the endoderm which then participates in the formation of constrictions (Immerglu Èck et al., 1990; Reuter et al., 1990) . It has been demonstrated that dpp and wg, which are under the control of Ubx and abdA, respectively, are required here for normal expression of another homeotic gene, labial (lab) (Immerglu Èck et al., 1990 ).
Experimental procedures

Molecular cloning of dlp
Primers were designed from the existing EST and were used to screen an embryonic 9±12-h library in lgt 11 (a gift from Kai Zinn). Subsequently, additional 5 H clones were isolated using the Marathon kit (Clonetech). The compiled cDNA sequence matches perfectly with that of the fulllength clone LD47466. Chromosomal localisation, Northern blot analysis and whole-mount in situ hybridisation were performed according to Khare et al. (2000) .
Double staining experiments
Wild type embryos (aged 0±20 h) ®xed in 10% formaldehyde were treated, ®rst with an anti-Engrailed antibody and then for in situ hybridisation using DIG-labelled dlp cDNA as a probe (Manoukian and Krause, 1992) . 
